Aims To estimate the healthcare costs attributable to diabetes in Ontario, Canada using a propensity-matched control design and health administrative data from the perspective of a single-payer healthcare system.
Introduction
Diabetes represents one of the greatest public health and health system challenges of the 21 st century [1] . Diabetes decreases quality and length of life, and is associated with numerous complications, particularly cardiovascular events such as myocardial infarction, stroke and heart failure [2, 3] . Despite treatment and management advances, diabetes remains the leading cause of renal failure, lower limb amputation and blindness among adults [4, 5] . As of 2014, the number of prevalent diabetes cases in Canada was 3.3 million, with the age-standardized prevalence of diabetes increasing by 70% over the past decade [6] [7] [8] . Globally, 200 million people are estimated to have diabetes [9] . As a result of population aging, rising prevalence of obesity, increasingly sedentary lifestyles and decreases in mortality rates among individuals with diabetes, the global prevalence of diabetes is expected to continue rising [10, 11] . Largely because of the costs incurred through complications, diabetes is one of the most costly health conditions to manage. The Canadian Diabetes Association estimated that the direct health system costs of diabetes in Ontario were C $5.8 bn in 2014, which is expected to rise to C$7.6 bn by 2024, with overall costs (including indirect costs) reaching an estimated C$16 bn [6, 12] . In the USA, estimates of the total direct costs of diabetes are much higher: a staggering US$176 bn, as of 2012 [13] . It is further estimated that the lifetime healthcare costs of diabetes in the USA are US$85,200 [14] . Estimates of attributable diabetes costs are limited, particularly in Canada. Previous costing studies have not comprehensively estimated costs, have lacked a control group or have had limited control over confounding between cases and controls [11, [15] [16] [17] [18] . Because healthcare systems are managed and funded at the provincial level in Canada, it is important to also have province-specific estimates. Additionally, there has been a recent decline in mortality rates among individuals with diabetes and, if attributable to changes in diabetes management rather than disease duration, this may influence attributable healthcare costs [10] . Current estimates of the attributable costs of diabetes are therefore needed to inform health decision-makers of the economic burden diabetes places on the Canadian healthcare system, to guide economic evaluations of diabetes prevention strategies and to allocate scarce health resources efficiently. The objective of the present study was to estimate the current attributable costs of diabetes in Ontario, Canada's most populous province, using comprehensive administrative data from the perspective of a single-payer healthcare system.
Methods
We used a propensity-matched cohort design to estimate the attributable costs for all incident adult cases of diabetes identified in Ontario from 1 April 2004 to 31 March 2012. Total annual healthcare costs were tracked using comprehensive administrative databases, and total cumulative costs for the 8 years of follow-up were calculated. Incident cases of diabetes were identified from the Ontario Diabetes Database, the provincial component of the National Diabetes Surveillance System, which contains all physiciandiagnosed diabetes cases identified in Ontario [19] . The Ontario Diabetes Database uses the diagnostic criteria of two physician claims recorded in the Ontario Health Insurance Program (OHIP) or one hospital discharge in a 2-year period, and has a demonstrated sensitivity of 86% and specificity of 97% [19] . All women with gestational diabetes, i.e. those with a diabetes diagnostic code followed by physician visit or hospital discharge within 5 months of an obstetrical event, are excluded from the Ontario Diabetes Database. The index date was the date of the first OHIP claim or date of hospital discharge. We restricted our sample to adults aged ≥20 years who were not diagnosed with diabetes at baseline (i.e. prevalent diabetes). We further excluded individuals who were not found in the Registered Persons Database, i.e. not registered for the OHIP, had a death date before the index date (according to the Registered Persons Database), or who had missing data on matching variables.
Incidence density sampling was used to identify a control cohort of people without diabetes from administrative databases, excluding patients in the Ontario Diabetes Database; the control cohort was randomly assigned index dates according to the sex-specific distribution of index dates among cases. We hard-matched cases 1:3 with controls on index date (AE30 days), age (AE90 days), and the logit of the propensity score with a caliper width of 0.2 using a greedy matching algorithm without replacement. We excluded cases that could not be matched to three controls; i.e. were matched to two or fewer controls. To estimate the propensity score, we conducted a logistic regression of case status including age, rurality (Rurality Index for Ontario), comorbidity at baseline as measured by the collapsed Aggregated Diagnosis Groups, geographic location as measured by the Local Health Integration Network of residence, and neighbourhood income quintile. Rurality Index for Ontario, Local Health Integration Network and neighbourhood income quintile were estimated using the postal code at the index date and census data. Aggregated Diagnosis Groups have been previously validated for use in the adult population of Ontario [20] ; collapsed Aggregated Diagnosis Groups were estimated for the 2-year period before the index date.
Healthcare costs
We captured direct healthcare costs (for 2004-2012) from the health system perspective using a validated and comprehensive person-centred costing methodology developed for the Ontario health administrative data [21] . This methodology captures all relevant costs covered under Ontario's singlepayer health insurance plan, including those attributable to inpatient hospitalizations, emergency department visits, same day surgery, dialysis, oncology clinic visits, fee-for-service physician and non-physician services, non-fee-for-service physicians, prescription medications, laboratory, rehabilitation, complex continuing care, long-term care, mental health inpatient stays, home care services and medical devices.
Inpatient hospitalizations, emergency department visits and same day surgery costs were calculated according to What's new?
• Using a validated, population-based registry, we created the largest propensity-matched cohort (almost 3 million people) to provide comprehensive and current estimates of the healthcare costs attributable to diabetes.
• The attributable costs were estimated using a newly developed person-centred costing methodology, representing the most comprehensive healthcare costs published. Attributable costs were~C$10,000 per-person over the study follow-up, with nearly C$4,000 being spent during the year after diagnosis.
• The excess healthcare costs attributable to diabetes reported in this study could be useful for allocating resources for diabetes and for accurate inputs into economic evaluations of diabetes intervention and management.
Resource Intensity Weight methodology, multiplying the individual case Resource Intensity Weight by the average provincial costs per weighted case (weighted by case mix groups) [21] . Costs for dialysis and outpatient oncology visits, were calculated using analogous Comprehensive Ambulatory Classification System weights [22] . Fee-forservice physician and non-physician service costs were captured through OHIP payments. Non-fee-for-service physician payments were calculated by applying applicable capitation payments or other fees based on individuals listed in the Primary Care Model Roster from the Client Agency Program Enrolment database. Prescription medication costs for those eligible for the Ontario Drug Benefit Plan were captured through pharmacy payments in the Ontario Drug Benefit database. Costs for the interpretation of diagnostic or laboratory work on outpatients are captured within OHIP data; however, laboratory and diagnostic technology costs performed within a hospital are not captured on a per-patient basis. Rehabilitation costs were based on length of stay and case mix [23] [24] [25] . Complex continuing care and inpatient psychiatric costs were based on case mix, number of days in care, and Resource Utilization Groups [21, 26] . Long-term care and home care costs were calculated according to average cost per day or hour, respectively [27] . Costs for high-cost medical device equipment, such as wheelchairs and insulin pumps, were captured using the Assistive Devices Program database according to amount paid (directly to patients and weighting values, are documented in detail elsewhere [19] .
Analysis
We assessed the quality of matching by comparing the means and proportions of all matching variables between unmatched and matched samples. Standardized differences and variance ratios were assessed, where standardized differences of ≥0.1 suggest a significant imbalance occurred [27] . We calculated the mean annualized costs (and standard deviations) for cases and controls by summating total costs across all years and dividing by total follow-up time. All costs are reported in 2012 Canadian dollars ($C). We estimated attributable per-person costs as the difference in healthcare costs between diabetes cases and matched nondiabetes controls [28] . Because of the skewed distribution of costs, we used a mixed model with an exchangeable correlation matrix to estimate 95% CIs of differences. Attributable per-person costs were stratified across age at the index date (20-44, 45-64, 65-74, 75-84, ≥85 years), survival during follow-up, and time since index date. All analyses, including development of propensity score models, matching and estimation of attributable costs, were sexstratified. All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 699 042 incident (newly diagnosed) cases of diabetes were identified between 2004 and 2012. A total of 775 cases, representing 0.11% of total incident cases, could not be matched to three non-diabetes controls; i.e. could only be matched to two or fewer controls. These unmatched cases were significantly older with smaller propensity scores, including a greater frequency of each collapsed Aggregated Diagnosis Group (except pregnancy), compared with unmatched controls (Table 1) . Matched cases and controls were identical in terms of all matching variables (age, followup time and propensity score); no significant imbalances occurred during matching.
Over the entire 8 years of follow-up, the average perperson healthcare spending for diabetes cases was more than twice that of non-diabetes controls (C$16,145 vs. C$6,414 for women and C$16,356 vs. $6,041 for men); the overall per-person attributable costs associated with diabetes were C $9,731 for women (95% CI 9451-10,012) and $10,315 for males (95% CI 10,016-10,613; Table 2 ). Meaning, over the 8 years of follow-up, incident diabetes was associated with C$10,000 in excess healthcare costs. Attributable diabetes costs were significantly greater in the year after index date (e.g. diabetes diagnosis), stabilized in years 2-7, and significantly declined in year 8. Costs for both cases and controls increased drastically in older age groups and for patients who died during follow-up; however, in both cases, healthcare costs were substantially greater for diabetes cases. The perperson attributable costs of diabetes for patients aged ≥85 years were $43,575 for women (95% CI 41,245À 45,906) and $56,714 for men (95% CI 52,767À60,663). For patients who died during follow-up, attributable diabetes costs were substantial: $85,291 (95% CI 82,027À88,402) and $90,294 (95% CI [86,864À93,509]) for women and men, respectively.
Furthermore, attributable healthcare costs occurred mainly through acute inpatient hospitalizations, accounting for >50% of attributable costs in incident diabetes cases (Fig. 1) . Physician costs consistently accounted for~20% of annual healthcare costs attributable to diabetes. Prescription medication and assistive devices also accounted for 22% of attributable costs following the first year; however, they accounted for only 8% of attributable costs among incident diabetes cases. 
Discussion
An estimated 1.5 million adults in Ontario currently have diabetes, and this number is expected to rise by 50% over the next decade [7, 8] . Declining mortality rates for patients with diabetes, aging population demographics, and increasing prevalence of diabetes risk factors (e.g. overweight and obesity, sedentary lifestyles and metabolic syndrome) will continue to drive the diabetes epidemic. By propensitymatching diabetes cases to non-diabetes controls, we were able to disaggregate the total excess healthcare costs attributable to diabetes. We found that the healthcare costs attributable to diabetes are substantial and are particularly high for older patients, those that died during follow-up, and for incident (newly-diagnosed) diabetes cases. We also found that, even after adjusting for various sociodemographic factors and baseline comorbidity, attributable diabetes costs most commonly occurred through hospitalizations, physician visits and prescription medications and medical devices, with the latter accounting for a larger proportion of costs among prevalent diabetes costs compared with incident cases. It may be expected that total and attributable healthcare costs would increase over time as health status presumably declines, clinical illness progresses, complications develop and other comorbidities develop or deteriorate. However, we observed that, after a large spike in costs during the incident year, costs were fairly stable for the following years. These results may reflect changes in hospital length of stay, health service use intensity, and increased medication use, be it antidiabetic or cardiovascular risk reduction medication, among prevalent diabetes cases [15, 17, 18] . Further, it is possible that these trends may be an artifact of survivorship bias, in which healthy patients are the ones more likely to survive until the end of the study period [15] .
To our knowledge, only two reports have provided comprehensive estimates of the total direct and attributable healthcare costs of diabetes in Ontario. In 2009, the Canadian Diabetes Association released a series of province-specific reports on the cost of diabetes [7, 8] . These reports used the National Diabetes Surveillance System and the Canadian Diabetes Cost Model to estimate the current costs and project the future total costs of diabetes, nationally and provincially. For 2010, the direct healthcare costs of diabetes in Ontario were estimated at C$4.9 billion, with 22% accrued through hospitalizations. These estimates were based on limited administrative databases and did not use a control cohort to estimate attributable diabetes costs. Another study, by Goeree et al. [28] reported estimates and distributions of attributable healthcare costs for incident diabetes between 1994 and 2005 similar to those in the present study. The present study builds on that work by providing contemporary estimates based on a larger sample, matching three controls per case to allow more precise estimates, and uses comprehensive person-centred costing methodology which incorporates more relevant sources of health expenditures. Additionally, we provide estimates specific to all relevant healthcare sectors.
A considerable strength of our study design is that we identified all incident diabetes cases in Ontario from 2004 to 2012 using a validated, population-based administrative diabetes registry [19] . Additionally, by using a comprehensive source of health administrative databases in the context of a single-payer system, this study is unique in that these estimates of attributable diabetes costs reflect actual healthcare delivery, use and spending in Ontario, as opposed to modelled projections. The study design is further strengthened by our use of a large, 1:3 controlled, propensity-score matched cohort to estimate the total and annual per-patient healthcare costs attributable to diabetes. Many previous diabetes costing studies did not use a control group and have probably overestimated the excess healthcare costs attributable to diabetes, which may bias the results of any economic evaluations and modelling studies using these estimates [29] . Furthermore, our study design was not limited to only those patients who survived all 8 years; thus, we have produced estimates that are more reflective of patients actually receiving diabetes management and care. These cost estimates are therefore less affected by survivorship bias than they would have been had these patients been excluded; i.e. 
Table 2
The direct (per-person) healthcare costs (Canadian dollars 2012) for diabetes cases and non-diabetic controls and attributable (annualized) healthcare costs for the entire 8-year follow-up period overall and by year since index (annual costs), age at baseline and survival status, for males and females patients living until the end of the study tend to be healthier, on average, than the overall cohort. The study also has some limitations. Given that we relied on health administrative databases to identify diabetes cases, albeit using a highly sensitive and specific diagnostic algorithm, there is the potential that some diabetes cases were not identified. Any people with currently undiagnosed diabetes and those who do not have encounters with the healthcare system will not be captured by this study. It is, therefore, likely that the estimates provided here are underestimations of the total healthcare costs attributable to diabetes. Furthermore, it is currently not possible to distinguish Type 1 from Type 2 diabetes cases using the Ontario Diabetes Database; however, >95% of total diabetes cases are Type 2 diabetes [7] . We restricted incident cases to the adult population to reduce the likelihood that incident Type 1 diabetes cases would be included. Another limitation to acknowledge is the possibility that additional confounders, outside of the characteristics available through administrative databases (e.g. BMI) may be present in the matched cohort and that these factors may drive differences in healthcare use and spending. Similarly, healthcare billing for First Nations people in Ontario is not included in the available OHIP health administrative databases (such care is covered by the non-Insured Health Benefits Program). Consequently, it is difficult to track healthcare spending for First Nations or to link with health services use. Given that First Nations people are also more likely to develop diabetes than the general Ontario population, these results may not generalize to First Nations people [17] and they should be a focus of future studies. Finally, while OHIP coverage is comprehensive, there are certain services and costs not covered. These include out-of-pocket medication costs for diabetes [7] , as prescription medication costs are captured only for individuals who are eligible for Ontario Drug Benefit (i.e. aged ≥65 years, residents living in institutions, persons receiving social assistance or whose drug costs are high relative to total income). The Canadian Diabetes Association has estimated the annual out-of-pocket costs to be~C$2,600 for a patient with Type 2 diabetes living in Ontario (based on an annual income of C$43,000 in 2011) [7, 30] . As such, our estimates are probably more conservative than the actual attributable healthcare costs of diabetes; however, this analysis took the perspective of the healthcare system, making this a minor limitation to our study design. We acknowledge that, by taking the perspective of the healthcare system, patient costs such as these were not considered; however, we anticipate that our study design and the scope of the data used have provided comprehensive estimates of the direct healthcare costs attributable to diabetes.
In conclusion, the attributable healthcare costs of diabetes are substantial. We found that the per-person attributable costs for diabetes cases, compared with matched controls, were~$10,000 over the 8 years of follow-up, with nearly $4,000 being spent during the first year after diabetes diagnosis. Even when accounting for baseline sociodemographic factors and comorbidity, attributable diabetes costs were greatest for incident cases, increased with age and were largely incurred through acute hospitalization, physician services and prescription medications and assistive devices. Considering there were~76 700 incident diabetes cases in Ontario during 2011-2012, our results suggest that the overall attributable healthcare costs for incident cases of diabetes that year were C$292 m. The excess healthcare costs attributable to diabetes are not trivial and are an important consideration for both healthcare and public health decision-makers, particularly given increasing concern over sustainability of the healthcare system, aging population dynamics, and increasing prevalence of diabetes risk factors, such as overweight and obesity, sedentary lifestyles and metabolic syndrome. Current estimates of the healthcare costs attributable to diabetes are necessary to assess the financial burdens placed on the healthcare system, allocate scarce resources and inform economic evaluations of diabetes prevention and management initiatives.
